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Abstract 

Eight wheat varieties which normally produce grain of different final percentage nitrogen content 
were grown under field and glasshouse conditions. The final percentage grain nitrogen of the field 
grown varieties ranked in the expected order; however, total nitrogen/grain, DNA/grain, RNA/grain 
and non-protein nitrogen/grain during grain development differed between varieties. DNA/grain 
reached a maximum value in all varieties between 21 and 28 days £6st-anthesis, suggesting a longer 
period of cell division than previously reported. There was no apparent relationship between final 
percentage grain nitrogen and either DNA, total grain RNA or the concentration of grain amino 
acids during development. Heads from glasshouse grown wheat were detached at 8 days post- 
anthesis and grown in liquid culture under conditions where the nitrogen concentration of the culture 
medium was varied. Fresh weight/grain, DNA/grain, RNA/grain and total grain nitrogen all 
increased with increasing nitrogen concentration in the culture medium, but grain dry weight 
remained constant at the different nitrogen concentrations. The changes in fresh weight/grain, 
DNA/grain and RNA/grain were not the same for all varieties. A possible relationship between 
total grain nitrogen and DNA/grain and RNA/grain during seed development exists for heads grown 
in culture for individual varieties. This apparent relationship for individual varieties cannot be used 
to explain intervarietal differences in total grain nitrogen because in some cases different varieties 
grown under identical culture conditions, although producing grain of equivalent total nitrogen, had 
widely differing levels of both DNA and RNA per grain. 

Introduction 

Grain protein percentage in wheat is determined by environment and genotype. 
However, little is known of how genetic control is exercised at the physiological or 
biochemical level. Donovan et al (19776), in a study on grain development using a 
'high protein' variety and a 'low protein' variety, suggested a possible relationship 
between final percentage protein and total RNA levels per grain during development. 
It was suggested that higher levels of RNA/grain in the 'high protein' variety were 
responsible for the higher rate of protein deposition because of larger numbers of 
active ribosomes. However, when wheat heads of two wheat varieties, which under 
field conditions produce grain of very different final percentage protein, were detached 
at 8 days post-anthesis and grown in liquid culture (Donovan and Lee 1977, 1978) 
under identical nutrient regimes, the differences in percentage grain protein were very 
small, suggesting that control was at the source level rather than the sink level. 

This paper reports experiments using eight field-grown wheat varieties varying in 
their final percentage grain nitrogen. Changes in composition of the grain were 
measured during development with the aim of relating final grain nitrogen percentage 
to developmental changes. Six of these varieties were also grown under glasshouse 



io which to cor^traM ° f fc ^ t bea< , ^experiments are compared 

Materials and Methods . Olympic, WW15 and Egret 

conditions. J;^^^ of dry weight, r^^SSSSS^ 

Donovan et al. (1*/«V- rv — samples were subsequently pw» MfTin u- Plots were 
from W^J^JS^SL, on c^^J^Xili.* 

fertilizer: 15 ^ ^(Hort,^ £ „ , ^P£^ stock 

Pl f tS r^olrTSAe Procedure described by Donovan g^jj^ t0 50 0 ml. Major 
cultured according to in y on A; caCU-ZHi". * . elements 

solutions were prepared. Major eme A 3 . 7 made to OOmL Mm 



Resu,ts • A final nercentage grain nitrogen of SUN 9E 

(2-63°/ D N), Timgalen (2-61 /„ a n |» (2-01°/ o N), Egret (2-11 / 0 N) ana 

g.S^ W as intermediate ^J^^^«orid«^J-- 
Olympic (2-26%N) was low. ^^.^ ^ termed iate and low protein vanet.es. 
on final percentage grain nitrogen as rieties were not the same for all 

° n Maximum levels of between DNA/grain 

the varieties (Table 1) and there was no w „ ain nitrogen. 

Ind toul nitrogen/grain (Table 2) «J«* L varied from variety to 

Non-protein nitrogen/mg dry ^^_Sng dry weight may be considered 
variety during development. ^^S' 0 ^^o acids avaUabk or 
as an approximate estimate of the post -anthesis were higher in the 

I'ein^thesis- »PN ""ZT^JjZ these concentrations had become 
P h ghVotein varieties but, by ".^S^S* from the initially higher con- 

dry weight during grain development. 
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Table 1. DNA/grain at different stages of development for eight field-grown wheat_ 

varieties "~* 



Time {weeks) post-anthesis: 



1 



' 2 



DNA (/ig/grain) 
3 4 5 



SUN 9E 

Timgalen 

Timson 

Gatcher 

WW 15 

Heron 

Egret 

Olympic 



17-4 
14-5 
12- 9 
19-8 

11- 3 

12- 7 
12-5 
12-1 



27-8 

19- 8 

20- 6 
23-8 

9-4 
19*9 
17-8 
19-7 



31- 2 

23- 9 
25-1 

32- 8 
18-4 
28-9 

24- 1 

25- 3 



34*8 

29-5- 

27-1 

31*5 

24*4 

32-9 

27*1 

24*7 



29*5 
24*5 
21*2 
24-5 
22*2 
32-3 
26-3 
23*7 



26*8 
22- 9 
22-0 
27*5 
206 
27-0 
200 
20-3 



Table 2. Grain dry weight and total grain nitrogen at different stages of 

grown varieties 
L.s.d. (5 %) dry weight = 2*93 



development for eight field- 



Time (weeks) 
post-anthesis: 



Grain dry weight (mg) 
1 2 3 4 5 



1 



Total nitrogen (mg/grain) 
2 3 4 5 6 - 



SUN 9E 

Timgalen 

Timson 

Gatcher 

WW 15 

Heron 

Egret 

Olympic 



6-9 
5*4 

4- 9 
8-7 
4*1 

5- 2 
4-8 
50 



17-7 

13- 8 

14- 3 
17-7 
11*7 
15*3 
13*7 
13*4 



31*1 
25-4 
23 -.5 
34-0 
21-2 
27*9 
23-2 
28 0 



40-9 
36-8 
33-7 
44-6 
31-6 
40-9 
35-1 
38*7 



46-2 
.45-7 
37-3 

49- 2 
391 

50- 8 
43-6 
50-5 



46-8 
42*7 
38*8 
511 
41-0 
50*4 
42*7 
43-3. 



017 
013 
011 
019 
009 
011 
011 
0*11 



0-45 
0*30 
0-32 
0-38 
0-24 
0-30 
029 
026 



073 
0*56 
0-54 
0-73 
043 
0-51 
0-46 
0-51 



096 
0*82 
0-87 
0-98 
0*62 
0*79 
069 
069 



1-23 
Ml 
0-93 
113 
0-82 
097 
0-90 
1*01 



1-23 
111 

0- 98 

1- 21 
0*82 
1*11 
0-90 
0-98 



Table 3. Non-protein nitrogen at different stages of development for eight field- 
grown wheat varieties 



Time (weeks) post-anthesis: 



Non-protein nitrogen Qig/mg dry weight) 
2 3 4 5 6 



SUN 9E 

Timgalen 

Timson 

Gatcher 

WW 15 

Heron 

Egret 

Olympic 



5-85 


3- 35 


1-35 


119 


1*13 


088 


5-84 


3- 90 


2*33 


183 


1-64 


1-67 


5-50 


3-31 


218 


1-73 


1*31 


1*12 


4-48 


2*40 


133 


1-18 


1*08 


0*74 


4-39 


3-39 


216 


1-53 


1-38 


111 


3-97 


2*63 


206 


1-52 


1*74 


120 


4-79 


3-18 


2-06 


181 


1-31 


0-85 


4-74 


3-20 


2-18 


1*56 


140 


104 



Increases in RNA/grain parallelled increases in DNA/gram, with "!"> 
in most cases being reached between 21 and 28 days post-anthesis (Table 4). The 
pattern of development varied between varieties and the maximum values reached 
also varied. However,' there was no clear relationship between total gram nitrogen 
and RNA/grain during development. 

Wheat heads were detached at 8 days post-anthesis and grown m hqmd cultu e fo 
12 days in media containing glutamine as the nitrogen source (Donovan and Lee 1978) 
at concentrations of 0, 0-05 and 0-l%N. Dry weight/gram d:d not increase with 
increasing nitrogen concentration in the culture medium, consistent with a previous 
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Table 4. RNA/grain 



at different stages of development for 



varieties 



Time(weeks)post-anthesis: 



SUN9E 
Timgalen 
Timson 
Gatcher 

WW 15 

Heron 

Egret 

Olympic 



1 


2 


68 


135 


63 


163 


51 


120 


71 


129 


52 


121 


73 


160 


58 


130 


51 


121 



RNA Oig/grain) 
3 4 ' 



135 

183 

126 

157 

119 

148 

130 

122 



152 
153 
144 
160 
131 
150 
126 
- 121 



^ dry weight and grain 



0 
6 

12 



0 
6 

12 



0 

0-05- 
010 

0 

005 
010 



0 

005 
010 

0 

0-05 
010 



018 
0*29 
0-35 

0-29 
0-60 
0*84 



0-28 
0-45 
0-47 

0-43 
0-79 
0-94 



0-17 
0-26 " 
0-34 

0-21 
0-49 
0-70 



0-15 
0-25 
0-30 

0-28 
0-62 
0-72 



J Dry weight (mg/grain) A 
* 5*5 3-8 ^' 



2-8 

9*9 
10*7 
10-4 

20- 8 

21- 9 

22- 9 



14*6 
15-2 
13-4 

26*8 
27*8 
25-0 



li-3 
10-3 
1M 

19-1 
20*9 
19*3 



5-. 

139 
98 
106 
106 
122" 
155 
123 
124 



105 
91 
68 
83 
95 
116 
105 
88 



Table 5. Total grain ^ ere nt nitrogen concentrations 



Time in Nitrogen ^ Gatcher WW 15 Heron 

culture ccmcnin SUNW 

(days) medium ( /o) _ ' 

0*14 

0 07 0* 14 U 



0*23 
0*39 
051 

0-33 
0-61 
0*95 



5-7 



9.7 14-3 
105 15-1 
9*7 15-2 



21-2 
24*2 
21*2 



24*1 
24-0 
25*4 



heads 



Egret 



0*22 

0*46^ 

0-68 

0*61 

0*47 
0*60 
0*92 



7*6 

22*3 
21*5 
18*8 

27*9 
25*2 
26*8 



0 10 22-*__J^J__ — 



12 





11-29 


0 


34*8 


0 05 


40-3 


0-10 


40*4 


0 


50*1 


0*05 


60*5 


010 


73-9 



44*1 
47*6 
46*4 

52-8 
63*2 
69 0 



37*3 
36*7 
41-1 

44-3 
49*6 
59*6 



32*1 
34-6 
34*8 

47-6 
56*6 
600 



19*0 


24-9 


42-8 


59*8 


45*4 


65-5 


51*2 


62*8 


49*2 


60*0 


52*3 


58*5 


61*9 


79*2 



0*10 73-9 _ 
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report (Donovan and Ue ,78, 

ncrease with increasing concentration of ^^ coBBBB ^ 0 f nitrogen nr the 
DNA/grain (Table 6) also increased wifc efld and seed coat layers 
Xre medium. This increase occurred both in the with aleurone, 

in the embryo. J^^^*^ it is possible that most of the 
which is normally considered part f the e ° ^ levels 0 f D N A/grain were not the 
fncrease in DNA was in the ^^ s ^S^r and Timgalen and lower 
same for all varieties, being higher m SUN9fc> ^ ^ numbers after 12 days 

SS. WW15 and Heron. Attempts « >e^e ^ ^ pr 

fcuUure, when the f^^^^^a^^V^^ 

described by Rijven and Wardlaw (.ivo 

laree amounts of starch. 



Time in Nitrogen 
culture concn in 
(days) medium (%) 



DNA (^g/grain) 
T G W H 



0 
12 



6-9 



E 

8-2 16*6 



16.4 16*0 19-4 

n £ *P r. r, 

27*5 
35-7 
42*2 



0 

005 
010 



320 
38-9 
491 



s 


RNA0*g/grain) 
T G W 


H 


E 


36 


83 


51 


38 


80 


93 


122 
171 
173 


128 
187 
197 


105 
149 
172 


94 
125 
131 


110 
146 
193 


118 
165 
150 


111 
188 
284 


119 
191 
227 


81 
144 
202 


84 
163 
195 


74 
125 
176 


94 
111 
138 



■J* IV , ■ 

RNA/g rain,^ 

"p^e was not the same for all varieties ^ ^ t g days 

Analyses of the non-grain parts of ^ ture ' f or i2 days (Table 7) showed 

post-anthesis and of 3 culture as would be expected w*h 

?hat percentage nitrogen fell f™™^^ in wh ich nitrogen was omitted. Tota 
the largest fall being recorded for the medmm concentrations but 

Srogen also fell at the two *° west m ^ varie ties except Heron. There 
22-d at the highest fog-c°^ 
was no apparent ^^^^^Li. 
nitrogen from the non-grain parts ot 

Discussion^ } . . 

Previous studies have suggested that ceU dms (Sandstedt ,946; Jennings and 
Morton 1963). However, Donovan « «.<. 



, totol nitroge n in *e non-grain parts of heads cultured in 

TimeNitrogen dry we ight basis) ia head 

cul- medium T q W h E 

ture (%) 
(days) 



Total N(mg) in head 
non-grain parts 
s T G W H E 



12 



0-0 0-60 
0 05 0-88 
0-10 1-85 



0-60 

0- 86 

1- 41 



0-70 0-59 

0- 96 1-12 

1- 48 1*61 



0-55 

0- 68 

1- 04 



0-68 

0- 79 

1- 54 



3-58 
4*64 
11-66 



3- 29 

4- 63 
7-75 



2*74 
3-49 
6-23 



2-12 2-49 5-22 
4.39 3-48 4.95 
6*86 5-55 14-77 



a ma v be argued that this depends neavuy up t changes other 

mmmm 

Tta DNA/grain diifered van ^ ° raX and fresh weight/grain, dry 

T teen ported to cause an increase m he p-port ^ ^ 
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.« *i,;«Kflitrnaen concentrations, where there was no 

of the culture medium, especial* a ^J^^SSU,. * a study of.nitrogen. 
netlossoftoUlnitrogenfromthen^ ^ ^ 

me tabolism in detached wheat heack m ^£L^*P«*** nitr0 gen. The 
80-90 % of the nitrogen n the ^^/^ from the grain part of the 

^^^^^^^^ 

The levels of DNA/gram from head *wn n q ^ addUion t0 

variation between ^^^ZS^f t0 changeS * ** 

the intervarietal vanation, DNA/gram VJ^, is ^taut, the results 

concentration in the culture to higher nitrogen concen- 

ssm ^z^^p- - DNA could not 

layers as has previously been ^T^^^) an d barley (Keown 1974; 
developing Avenafatua ^^^^^vA DNA/grain increased 
Taiz and Starks 1977) Becauseboh oUl gram ^ g here is the sugges tion of a 
as nitrogen concentration ^^^^ varie ties, however, produced 
relationship between these entitle • » * P in varieti e S) when the 

grain of similar total mtrogen in cuhure to some ol t g P^ 

the levels of DNA/grain. 

GraI „ ^ * *~ «- - * f mt rogen in the 

The levels of RNA/grain in cultured heads increased . he «d ^ ^ 

culture medium increased and were con, ^g*£ |th plants, 
high protein varieties than m th ^"^^Xt^n the RNA contents of 
however, there did not appear to be actor diffcre ^ ^ 

high and low protein varieties although the vane ^ fa ^ 

final percentage grain ^..^T^^)^*"^ 1 ^^ 
devd^^.^^^S^fai^ differences in RNA/grain 
proportion of this is po lysomal. There «V n ^ h ds n un der identical 
which occur either in field <^^££^ m RNA/lU may also reflect 

SE^^^^ ™ saspectwou ldseemt 

worth pursuing. 

Non-protein Nitrogen and Protein Accumulation 

Donovan et al (1*74 reported in a 
Timgalen with the low protein J™ protein accumulation in 

higher in the high protein variety. ^ ™ at ' on . of ^ acids (the pnncipal 
the grain indicated that there ^ J*^jKJK for protein synthesis in both 
compe^cf**^ P that the levels of n0 n- 

^^^X^ «* in this study, although the con- 



varieties (SUN 9E, Hmsoa Md jtasm m ^ ^ a ^ 

factor in determining differences in aw 

grain nitrogen. - . _,,_, he , Q f wheat varieties which, under 

* In summary, it has been observed tot "^J^ do not show equivalent 
field conditions, produce gram of < d fferent percentage otein nitrogen. 

Lnges during development m ^^^^^ culture, all varieties 
When detached heads of these varieties were gr <»» h on the same 

Educed gr*> of essentially ^ "^X^^^ 5 "^ 
culture medium. There is ^^S^SZl^ is a corresponding increase 
the nitrogen concentraUon in the culture memum, ^ 
£ DNAand RN A. content It appears * cont ent are different 

reasons for environmentally induced change s in gr P It als0 appears possible 
from those accounting for t «^^S^be«^indiltae B l^ 
thatcontrol of protein content in different genotyp 
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